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A thorough characterization of the key features of the new small-angle neutron scattering instrument
SANS-1 at MLZ, a joint project of Technische Universität München and Helmholtz Zentrum Geesthacht, is
presented. Measurements of the neutron beam proﬁle, divergency and ﬂux are given for various posi-
tions along the instrument including the sample position, and agree well with Monte Carlo simulations
of SANS-1 using the program McStas. Secondly, the polarization option of SANS-1 is characterized for a
broad wavelength band. A key feature of SANS-1 is the large accessible Q-range facilitated by the side-
ways movement of the detector. Particular attention is hence paid to the effects that arise due to large
scattering angles on the detector where a standard cos3 solid angle correction is no longer applicable.
Finally the performance of the instrument is characterized by a set of standard samples.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Small-angle neutron scattering (SANS) is a powerful technique
to study correlations of condensed matter samples in the range of
20–2000 Å. Typical applications of SANS include measurements of
precipitates, segregation and voids in metallurgical samples and
alloys [1,2], complex biological samples of polymers, proteins and
functional macromolecules or membranes [3]. In magnetism, non-
trivial large scale magnetic structures like helical magnetic spirals
[4], Skyrmion lattices [5], superconducting vortex lattices [6,7] and
micromagnetic systems [8] are typically addressed by means of
SANS. The optimization and performance of a SANS instrument is
mainly governed by major contributions being (i) the divergence
distribution and intensity of the neutron beam, (ii) the accessible
Q-range and resolution, (iii) the detector system and (iv) the
adaption of the instrument sample space and sample environment
and options like polarization analysis to the special needs of the
experiment.
Here we present a thorough characterization of the new SANS
instrument SANS-1 at MLZ [9], recently built as a joint project of
the Technische Universität München and the Helmholtz Zentrum
Geesthacht. Besides the technical features of SANS-1, measure-
ments of the neutron beam proﬁle, divergence and ﬂux areB.V. This is an open access article u
e (S. Mühlbauer).compared to Monte Carlo simulations at different positions of the
instrument. The intensity at the sample position and the corre-
sponding divergence of the neutron beam is given for different
wavelengths, different collimation lengths and resolution (source
to sample distance). As an important feature of SANS-1 is the large
accessible Q-range facilitated by the sideways movement of the
detector, particular attention is paid to (i) the effects that arise due
to large scattering angles on the detector where a standard cos3
solid angle correction is no longer applicable and (ii) deadtime
effects that arise due to high counting rates up to 2.5 MHz at short
detector distances. As SANS-1 also is dedicated for investigation of
magnetic samples, a polarized beam option is available. A char-
acterization of the polarization of the neutron beam for a broad
wavelength spectrum and the comparison to simulations com-
pletes our manuscript. As a remaining issue the performance of
the instrument is characterized by a set of standard samples (di-
luted latex spheres [10] and glassy carbon [11]). A compact sum-
mary of the technical features of SANS-1 is given in the appendix
of this manuscript.2. Instrument layout
The basic layout of SANS-1 is schematically depicted in Fig. 1.
With a collimation length of 23 m and a variable sample to de-
tector distance of 1–20 m, SANS-1 is comparable to high perfor-
mance SANS instruments at other neutron sources like SANS-I @nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Schematic depiction of the instrument layout of SANS-1 at FRM II (MLZ) with its major components. The second high resolution detector option will be commissioned
in 2016.
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The layout of the instrument has been optimized by simulations
performed with McStas [14,15] within the restrictions given by the
available space and the given neutron guide system [16,17]. Result
of these simulations is an S-shaped neutron guide (cross-section
×50 50 mm2) with a vertical curvature (radius of 480 m) and a
horizontal curvature with a radius of 2100 m, respectively, fed by
the cold source of FRM II. Here, the horizontal curvature starts at
the point of inﬂexion of the double vertical S-curvature. The
neutron guide is coated with a combination of m¼1.2 58Ni coating
for all convex and straight and m¼2.0 supermirror coating for
concave elements, respectively, leading to a cut-off wavelength of
3 Å. The S-shaped double curvature leads to an efﬁcient suppres-
sion of the fast neutron background already in the casemate out-
side the neutron guide hall.
The neutron guide is followed by a tower, housing two inter-
changeable neutron velocity selectors [18] with a wavelength
spread down to 10% and 6% for medium and high resolution, re-
spectively. Both selectors can be tilted for a ﬁne tuning of the
wavelength resolution. For kinetic measurements down to μs
time-scales, a TISANE [19] double-disk chopper system is located
downstream of the selectors in a common shielding with the se-
lectors. The TISANE chopper [18] consists of two discs with 14
equal windows of °9 opening angle and a maximal rotation speed
of 20.000 r.p.m. The disks can be operated both co- and counter-
rotating delivering a most ﬂexible pulse shape and duty cycle. The
chopper can be used in combination with the selectors or on the
white beam. To avoid any losses the chopper disk is translated out
of the beam when not in use, the gap is closed by a small neutron
guide element.
The collimation system of SANS-1 consists of a system of four
horizontal tracks situated in an enclosed evacuated bunker, pro-
viding vast ﬂexibility. The ﬁrst track is occupied by a neutron guide
system, the second track carries the collimation system withadditional background apertures on track three. One track remains
empty for various future applications such as focussing lenses, a
longitudinal spin echo option [20], a multi-beam SANS option [21]
or additional apertures for grazing incidence SANS [22]. A set of two
Fe/Si transmission polarizers has been optimized to cover a broad
wavelength band from 4.5 to 16 Å. The neutron guide sections of the
collimation system are coated with m¼1.2 58Ni coating and can be
translated to the beam position in sections of 2 m. A radio-fre-
quency (RF) spin-ﬂipper completes the collimation system.
As a response to the rising demand in diffraction in small-angle
scattering geometry, in particular for magnetic condensed matter
problems or single crystal samples, a 3D Huber-table positioning
device works as a foundation for a set of different sample en-
vironments. It is designed to support and precisely position heavy
equipment like magnets (e.g. the dry 5 Tesla SANS magnet) various
cryostats, furnaces or a tensile rig: at a maximum load of 800 kg, a
precision of 0.01 mm and °0.02 is achieved. The spacious sample
area of SANS-1 offers good accessibility and is constructed using
non-magnetic materials wherever possible. Air gaps at the sample
stage can be closed with a ﬂexible nose system with sapphire
windows.
The acentric mounting of the detector tube with an inner dia-
meter of about 2.4 m and a length of 22 m allows the use of an
area detector of ×1 1m2 size with lateral movement of more than
0.5 m. The detector is made up of 128 position sensitive 3He tube-
detectors with an active length of 1 m and a diameter of 7.94 mm
to ﬁnally provide ×8 mm 8 mm pixel resolution. To optimize the
signal to noise ratio, great effort has been put into shielding all
parts to avoid parasitic background and edge scattering. A second,
small detector with an active area of ×0.5 0.5 m2 and increased
resolution of ×3 mm 3 mm will be installed downstream of the
ﬁrst detector. This will allow a better dynamic range and provide
the necessary resolution for a possible conventional VSANS
conﬁguration.
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As part of the commissioning of SANS-1, gold foil activation
analysis has been performed to determine the neutron ﬂux and
the quality of the beam at various positions along the instrument.
The reaction 197Au γ( )→n, 198Au with subsequent β-decay (half-live
=T 2.69 days1/2 ) and the emission of a characteristic 411.8 keV
gamma photon provides this information. For this purpose gold
foils were prepared with 11 mm in diameter and around 20 μm in
thickness. The neutron capture cross-section of 197Au is propor-
tional to the selected wavelength λ. The ﬂux was deduced from the
activity data using an average capture cross-section, which was
weighted by the measured spectral neutron ﬂux distribution. A
ﬁrst set of gold foils was placed at the end of the neutron guide in
front of the velocity selector. A second set was mounted directly
behind the selector. Finally, a third set was placed at the sample
position. A selection of the results of the gold foil analysis is given
in Fig. 2 (white beam at the exit of the neutron guide before the
selector and at the sample position), directly opposed to91.1x10 91.2x10 91.3x10
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Caused by the vertical S-shaped neutron guide, a slight top/
down asymmetry is expected and observed in both simulations
and measurements with a higher number of neutrons on top po-
sition before the selector (Fig. 2, panel (a)). The difference is of the
order of 15%. Due to the upward bent neutron guide with an ad-
ditional slight horizontal curvature (2100 m radius) at the second
part of the S-shaped guide an additional inhomogeneous dis-
tribution of neutrons from right to left is observed in the order of
5%. For the gold foil activation analysis, a mean wavelength value
of 7.43 Å was used. The cutoff wavelength λ = Å3c of the neutron
guide is hereby taken into account. In general, simulations and
measurements show a consistent picture.
Fig. 2, panel (b) depicts the ﬂux distribution obtained at the
sample position for a collimation length of 2 m and a wavelength
of λ = Å6 . A homogeneous intensity distribution is observed with
slightly higher intensity in the beam center. Multiple reﬂections of
neutrons along the neutron guides in the collimation completely
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metrical plateau of around 1 cm2 in the center of the beam. The
maximal ﬂux of this central 1 cm2 plateau for the given instru-
mental conﬁguration is × − −ns6.2 10 cm7 1 2 for a wavelength spread
of Δλ λ10% / . At λ = Å5.5 , a ﬂux of · − −6.8 10 ns cm7 1 2 is obtained by
measurements. As a general trend, all values measured with gold
foils are consistently smaller in comparison to the simulation by a
factor of ≈1.3–1.5. This mismatch is most likely caused by the
neutron guide of SANS-1 being positioned on the top part of the
neutron beam tube which makes the supply with neutrons very
sensitive to the ﬁlling level of the cold source (which is limited for
technical reasons) and a related certain overweight of the cold
neutron spectrum of FRM II included in the simulation input.1
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Fig. 3. (a) Normalized intensity (brilliance) at the sample position of SANS-1 at
λ = Å6 and 10% wavelength spread, plotted as a function of FWHM beam diver-
gence (lower x-axis). The corresponding source to sample distance (collimation
length) for each conﬁguration from 2 m to 20 m is given on the upper x-axis. The
measurements have been taken using a circular aperture of 8 mm in diameter. The
red line is guide to the eye. (b) Wavelength dependence of the intensity at the
sample position for the central 1 cm2 spot and a collimation distance of 2 m. Both
measurements and simulations are given. The area shaded in red corresponds to
the inaccessible regions blocked due to mechanical resonances of the wavelength
selector. (For interpretation of the references to color in this ﬁgure caption, the
reader is referred to the web version of this paper.)
Fig. 4. Radially averaged proﬁles of the direct beam using a small circular aperture
of 1 mm diameter for different source-to-sample distances from 2 to 20 m. The
lines correspond to ﬁts using a Fermi distribution function. The FWHM is indicated
by the dotted lines except for 2 Θ = °0.77 which indicates the cut-off of the m¼1.2
coating of the supermirrors.4. Beam characterization
Besides gold foil activation analysis, further detailed char-
acterization of the neutron beam at the sample position has been
performed with the instruments primary detector. Particular at-
tention has been devoted to measurements of the neutron ﬂux
and divergence as function of source to sample distance (colli-
mation length) and wavelength. These values determine the re-
solution of a SANS instrument and are at the heart of interest of
beamline users.
4.1. Intensity at the sample position
We ﬁrst address the intensity and divergence at the sample
position. For the measurement of the intensity, a standard water
cell (1 mm thickness) has been measured at the sample position
with a ﬁxed, short detector distance of 2 m and a circular aperture
of 8 mm diameter. A wavelength of 6 Å with a wavelength spread
of Δλ λ =/ 10% has been used. The integrated ﬂux on the detector
has been recorded for different collimation distances from 2 m to
20 m. Parasitic scattering around the direct beam has been elec-
tronically masked and removed. Finally the intensity has been
normalized to the values as obtained by activation analysis given
for 2 m collimation distance and λ = Å6 . The result is plotted in
panel (a) of Fig. 3, the corresponding conﬁguration of the instru-
ment (collimation distance) is denoted at the upper x-axis. The
spectral distribution of the intensity at the sample position is
depicted in panel (b) of Fig. 3 for a collimation length of 2 m, again
in comparison to simulations performed with McStas. The area
shaded in red corresponds to the blocked regions due to me-
chanical resonances of the wavelength selector. The continuous
line corresponds to a ﬁt to the Maxwellian distribution of the cold
source including the cut-off of the neutron guide and convoluted
with triangular shape of the 10% wavelength band of the selector.
4.2. Divergence at the sample position
The divergence of the neutron beam at the sample position has
been measured by means of a small pinhole aperture (diameter
1 mm), placed at the center of the sample position. Again, data has
been taken at a wavelength of λ = Å6 . For this measurement, the
detector has been moved far away from the sample at a distance of
20 m. A direct, magniﬁed image of the source aperture is obtained
by this pinhole camera setup. Compared to the source aperture of
×50 50 mm2, a sample aperture of 1 mm in diameter and the
detector resolution of ×8 mm 8 mm yield a negligible contribu-
tion to the total resolution [23]. As a magniﬁed image of the direct
beam is measured, resolution effects imposed by the ﬁnite wave-
length spread of 10% are vanishing. Finally, for a rather short wa-
velength of λ = Å6 , gravity effects can be neglected. As the in-
tensity is strongly decreased by the small aperture, the beamstopcan be safely removed. Due to the radial symmetry of the neutron
beam at short wavelengths the corresponding dataﬁles have been
radially averaged, normalized and ﬁtted with a Fermi distribution
function to take account of the plateau in the center of the beam.
Typical radially averaged beam proﬁles are shown in Fig. 4.
Combining the measurements of intensity and divergence
(FWHM) as a function of collimation length, the brilliance of the
provided neutron beam at the sample position of SANS-1 for a
Fig. 5. Polarization of the neutron beam measured at the sample position for both
polarizers as a function of wavelength and the comparison to simulations per-
formed with McStas.
S. Mühlbauer et al. / Nuclear Instruments and Methods in Physics Research A 832 (2016) 297–305 301wavelength of λ = Å6 and a wavelength spread of 10% is plotted as
panel (a) in Fig. 3. The red line serves as a guide to the eye.
In summary, the results show a maximum intensity of
6.2 107 ns1cm2 for the central 1 cm2 part of the neutron beam
at the sample position of SANS-1 using a 2 m collimation distance
and a wavelength of Å6 and 7.5 107 ns1cm2 at 5.5 Å, respec-
tively. The beam is characterized by a FWHM divergence of °0.53
for this high ﬂux setting. The decrease of intensity and divergence
with increasing source-to-sample distance is well described by the
expected quadratic behavior. A minimal divergence of °0.09 is
found for a source-to-sample distance of 20 m.
4.3. Polarization option
As a remaining issue for the characterization of the primary
beam of SANS-1, measurements of the polarization and ﬂipping
ratio have been performed and compared to simulations with
McStas. SANS-1 is equipped with two complementary FeSi trans-
mission polarizers (V-cavity), optimized for short and long wave-
lengths, respectively [17]: The lengths of the polarizers and hence
the inclination of the polarizing supermirrors are adapted to two
complementary wavelength ranges. The polarization has been
measured by means of a gaseous 3He polarization analyzer in-
cluding a spin ﬂipper [24], mounted at the sample position. The
pressure of the 3He was chosen to 2.0 bar, leading to a high ana-
lyzer efﬁciency of ≥0.99 for all wavelengths and an initial trans-
mittance of 0.9. The degree of polarization and the ﬂipping efﬁ-
ciency of the RF ﬂipper of SANS-1 were obtained by a set of four
measurements ++I , −−I , +−I and −+I according to [24]. The wave-
length dependence of the analyzer efﬁciency and the time decay of
the 3He-cell have been taken into account.
Measurements have been performed for neutron wavelengths
from 5 to 12 Å. A high degree of polarization P above 95% is found
for the entire wavelength regime except at 12 Å, where a polar-
ization of 90% has been recorded. As predicted by simulations with
McStas, it is beneﬁcial to use the long polarizer (POL-2) for short
wavelengths below 7 Å and the short polarizer (POL-1) for long
wavelengths above 7 Å, respectively. A high agreement between
simulations and measurements has been found for POL-2, whereas
POL-1 shows small deviations at shorter wavelengths, where the
measurements slightly outperform the simulation data (Fig. 5).
Possible reasons for this deviation can be a (i) small discrepancy of
the polarizing mirror data incorporated in the McStas simulation
and the actual mirror reﬂectivity or (ii) a slightly inhomogeneous
polarization over the beam cross-section [17]. A ﬂipping efﬁciency
for the RF-ﬂipper of ≥93% has been obtained for all wavelengths
[24].5. Detector characterization
In the following paragraphs, a thorough description of the
primary detector of SANS-1 is given. Particular attention is paid to
effects that arise due to high scattering angles on a ﬂat detector
made up from an array of thin tubes.
5.1. Detector layout
Similar to the detector installed at D22, ILL, the detector is
made up from an array of 128 position sensitive 3He detectors of
type Reuter-Stokes P4-0341-201 with an active length of slightly
more than 1 m, a diameter of 7.954 mm and a gas pressure of
=p 15 barHe . The tubes are mounted with a pitch of 8 mm. The
individual detector tubes are read out by the charge division
method using a mesytec MPSD8þ readout system delivering 960
channels. 16 front end modules are mounted in an air-cooled boxbehind the detector frame inside the detector vessel and are
connected via bus signals to two MCPD8þ modules mounted
outside of the detector vessel. The system provides 2-D position
and time information for each neutron in list-mode data.
5.2. Spatial resolution
The ×960 128 raw data matrix is electronically corrected for a
certain shift and linear distortion of the active length of each tube
and ﬁnally binned to a ×128 128 matrix leading to a pixel size of
×8 8 mm2 and an active area of ×1024 1006 mm2. The values for
the relative shift of the individual detector tubes have been ob-
tained by means of several cadmium stripes which have been
mounted right in front of the detector. The horizontal resolution of
the 2D detector is hence determined by the 8 mm-pitch of the PSD
array. The vertical resolution along the detector tubes is given by
the charge division method. Operated at 1500 V, a position re-
solution better than 8.0 mm (FWHM) has been obtained using a
measurement of a highly collimated neutron beam with a small
aperture directly in front of the detector tube as given in panel
(a) of Fig. 6.
5.3. Detector efﬁciency
Under real experimental conditions the readout electronics of
the primary detector of SANS-1 is optimized for the highest
gamma separation and optimal shape of the detector's position
response function. In contrast to single 3He counters, this can only
be achieved at a certain cost of detection efﬁciency for long tub-
ular PSDs. For neutrons of typical wavelengths of λ = Å6 , λ = Å8
and λ = Å12 , a total average detection efﬁciency of ϵ = 58%,
ϵ = 55% and ϵ = 54% has been determined by comparison to a 3He
detector with a known efﬁciency, respectively. This total efﬁciency
also includes the geometric gaps in-between the tubes (the geo-
metric coverage amounts 86%) and the ﬁnite thickness of the steel
tube walls (transmission 97%).
5.4. Count rate capability
The count rate capability of the detector has been measured
using a plexiglass sample at a short detector distance, leading to a
high but rather homogeneous distribution of intensity on the de-
tector. The count rate has been compared to the expected scaled
count rate as measured in an identical setup but with the at-
tenuator. Panel (b) of Fig. 6 shows deadtime effects as a function of
Fig. 6. (a) Spatial resolution along a single 3He tube detector measured with a pinhole beam for different operation voltage. (b) Dead time of the primary detector of SANS-1
as a function of count rate for a homogeneous distribution of neutron intensity over the detector.
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found for count-rates above 2 MHz. Note that these numbers re-
present the dead-time of the entire detector system, hence include
both physical dead-time effects of the counter tubes themselves
and limitations induced by the read-out electronics.
5.5. Solid angle correction
A key feature of SANS-1 is the possibility to translate the pri-
mary detector perpendicular to the neutron beam by 0.55 m. This
allows measurements with an increased Q-range. If measurements
are performed for short detector distances (minimal distance
1.1 m) large scattering angles above °40 arise and the standard cos3
solid angle correction breaks down [25]. In the following, we
carefully consider the effects that are caused by such large scat-
tering angles on a detector consisting of an array of single tubes,
which are considerably different from a ﬂat detector.
Data obtained from a standard 1 mm water Helma cell and a
1 mm vanadium single crystal at a detector distance of 1.1 m with
a horizontal displacement of 0.5 m illustrate these effects. For both
samples, (almost) exclusively incoherent scattering with a con-
stant ( ) =S Q 1 is expected by theory. Corresponding data is dis-
played in panels (a) and (b) of Fig. 7. In both panels, red lines in-
dicate the radially averaged data without any correction for the
solid angle. Strong deviation from a constant ( ) =S Q 1 is seen,
mostly caused by solid angle effects.
For a quantitative description, we start with a theoretical cal-
culation of the efﬁciency proﬁle of a single counter tube along its
diameter. At a given gas pressure of 15 bar the efﬁciency proﬁle is
given by the cylindrical cross-section of the tube, assuming an
exponential attenuation of the neutrons. Panel (c) of Fig. 7 depicts
typical efﬁciency proﬁles for different neutron wavelengths from 4
to 12 Å. For decreasing wavelength the efﬁciency drops at the
edges of the tube. In the center of the tubes the efﬁciency reaches
100% for all neutron wavelengths except for λ = Å4 , where a de-
creased efﬁciency of 93% is observed.
For increasing inclination angle of the scattered neutrons three
main effects come into play. (i) The gap, caused by the ﬁnite
thickness of the tube walls closes until at Θ = °2 23c the active area
of the tubes start overlapping. Θ = ( )r a2 arcsin 2 /c with the inter-
tube pitch a and the radius of the active area r. This effect is
schematically indicated in panel (c) of Fig. 7. It can be readily seen
in an upward kink at Θ = °2 23 of the data indicated in panels
(a) and (b).
(ii) The standard solid angle correction for a ﬂat detector is
given byΔσ Θ
Θ
Θ
( ) =
( )
( = ) ( )
p p
D
2
cos 2
2 0 1
x y
3
where Θ( )D 2 is the distance from sample to the detector, px and py
represent the pixel size in x- and y-directions, respectively. The
results of the standard solid angle correction applied to the water
and vanadium data is symbolized by the blue markers in panels
(a) and (b).
As can be immediately seen, this correction is not sufﬁcient as
both the shadowing effects and the tube geometry are not taken
into account. The shadowing effect originates from the fact that for
scattering angles Θ Θ> ≈ °2 2 23c , neighboring tubes partly shadow
each other. This results in an effective reduction of detection vo-
lume. Secondly, the tube geometry gives rise to an anisotropic
detection surface in horizontal and vertical direction. For higher
vertical angles (along a tube) the incident angle of scattered
neutrons on the detector changes, giving rise to a decrease by
Θ( )cos 2 y . However, in the horizontal direction the detector geo-
metry remains unchanged since the neutrons always hit a tube
with circular shaped surface. Only the solid angle decreases due to
higher distance from the sample position. This leads to a decrease
by Θ( )cos 22 which is isotropically effecting the scattered intensity.
A more detailed approach was given by [25]
Δσ Θ
Θ Θ
Θ
( ) =
( ) ( )
( = ) ( )
p p
D
2
cos cos 2
2 0
.
2
x y y
2
Here, the geometry of a detector consisting of single tubes (tube
direction along y) is taken into account, whereΘy is the component
of Θ2 along the y-direction. Moreover, we numerically included the
effects that are caused by tube gaps and shadowing. The increasing
mean free path of neutrons for increasing scattering angle in the y-
direction is also included in our model. Details of our numerical
results are also illustrated in panel (c), where the efﬁciency proﬁle of
a single tube at a high scattering angle of Θ = °2 30 is included. The
sharp cut-off, caused by tube overlap can also be seen.
(iii) Due to increasing multiple incoherent scattering the ef-
fective transmission of a ﬂat sample reduces for increasing neu-
tron ﬂight path at large scattering angles. With a thickness of
1 mm, this only affects the H2O sample (transmission 50%) and not
Vanadium (transmission 87%). To account for this effect,
⎡⎣ ⎤⎦θ μ θ θ
θ
( ) = ( ) { − } ( )
= − + ( ) ( )
μ μ θ− − − ( )ef e e fTr 2 2 1 , 2
1 1/cos 2 3
x ef1 2
was used, where e denotes sample thickness and Tr θ( )2 is the
transmission depending on the scattering angle. The factor μe is
calculated from the measured transmission Tr μ( ) = ( − )e0 exp [26].
Fig. 7. Schematic depiction of the solid angle corrections that apply at SANS-1 caused by large scattering angles up to °40 . (a) and (b) radially averaged incoherent scattering
intensity of a standard water and vanadium sample (1 mm thickness), measured with a wavelength of 6 Å, sample to detector distance of 1.1 m and a horizontal offset of the
detector of 0.5 m. The red lines show the raw data without any corrections. The blue lines correspond to standard cos3 solid angle correction whereas the black curves depict
the complete solid angle correction including tube shadowing effects. Panel (c) depicts the calculated efﬁciency proﬁle of a single detector tube for different wavelengths.
Panel (d) schematically depicts the shadowing of detector tubes for large scattering angles. (For interpretation of the references to color in this ﬁgure caption, the reader is
referred to the web version of this paper.)
S. Mühlbauer et al. / Nuclear Instruments and Methods in Physics Research A 832 (2016) 297–305 303Corresponding data is included in panels (a) and (b) using black
markers. Inelastic forward scattering of the H2O sample was not
taken into account, since measurements were taken at a short
detector distance of 1.1 m and the effects are mainly concealed by
the beamstop. With our new approach, both incoherent scattering
from vanadium and water can be described in high accuracy. Re-
maining slight deviations are attributed to our simpliﬁed model of
the sample which does not include incoherent inelastic effects at
larger Q induced by Phonons, the Debye Waller factor and diffu-
sion processes.
In conclusion, we have shown that the large accessible Q-range
of SANS-1 and the corresponding large scattering angles lead to
considerable deviations from a standard cos3 solid angle correc-
tion. We showed how the data can be properly corrected including
the tube geometry, tube shadowing and path length effects.6. Instrument performance
To characterize the performance of SANS-1, two standard
samples have been measured. The resolution of SANS-1 has beendetermined using polystyrene latex beads diluted in D2O. A similar
sample has been used as a round robin sample to compare the
leading SANS instruments worldwide [10]. Panel (a) of Fig. 8
presents radially averaged data of the latex spheres with a con-
centration of 0.085 wt%. The latex data has been obtained using
the standard SANS routine including correction for efﬁciency
(water calibration), empty cell, background and transmission. The
radially averaged data was ﬁtted with a Gaussian distribution of
spherical particles including the theoretical Q-resolution of the
instrument, resulting in a size distribution of ( ) Å721 20 with a
standard deviation of ( ) Å29 1 . The quality of the ﬁt is excellent,
showing a proper treatment of the instrument‘s resolution. The
comparison to data obtained at D22 (ILL) [10], where 0.1 wt% was
used with Å ± Å724 20 shows good quantitative agreement.
An intensity calibration of SANS-1 to absolute scale was per-
formed using a second round robin sample. A glassy carbon
sample, previously studied using SAXS at the synchrotron facility
at Argonne National Laboratory [11] has been measured to abso-
lute scale by the standard SANS procedure (calibration by water,
correction for empty cell, background and transmission). After
radial averaging the data was compared to SAXS data which has
Fig. 8. Characterization of SANS-1 with two standard samples: Panel (a) Radially
averaged data of latex spheres in D2O (0.085 wt%). The ﬁt to the data including the
instrumental resolution is given by the green line. The inset shows the resulting
particle size distribution. Panel (b) absolute calibration of SANS-1 using a glassy
carbon standard sample in comparison to a SAXS reference measurement. (For
interpretation of the references to color in this ﬁgure caption, the reader is referred
to the web version of this paper.)
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scattering length densities of X-rays and neutrons (6.457). Radially
averaged SANS and SAXS data are both given in panel (b) of Fig. 8.
Both curves are identical within the error bars, as can be readily
seen from the inset of panel (b), where a zoomed section of the
data is depicted. Further analysis shows that the deviation to the
SAXS reference is below 2.2% in the Q-range from 0.157 nm1 to
1.43 nm1 and below 4.9% in the full Q-range.7. Conclusions
To conclude, we have given a summary of the technical features
of the new small-angle neutron scattering instrument SANS-1 @
MLZ. We have shown a careful characterization of the neutron
beam proﬁle and intensity at various positions along the instru-
ment. Measured intensities show good agreement with the in-
strument modeled with McStas simulations. The available ﬂux and
the divergence proﬁle of SANS-1 have been carefully studied at the
sample position for different resolution (collimation length) in Q.
As SANS-1 is also dedicated to studies of magnetism, a thorough
characterization of the polarized beam option including the RF
ﬂipper has been performed.
The data show that SANS-1 delivers a high intensity and high
quality neutron beam at the sample position. A key feature of
SANS-1 is the large lateral movement of the detector, giving access
to a large Q-range in a single measurement. Therefore great at-
tention has been put into a detailed consideration of the effects
that arise due to large scattering angles, where a standard cos3solid angle correction is no longer sufﬁcient. The characterization
of the primary detector of SANS-1 is completed by measurements
of the spatial resolution, gamma sensitivity and count rate, where
a maximal count rate of 2 MHz at a dead-time of 10% was ob-
served. Finally, the good performance of SANS-1 is demonstrated
using a set of two standard SANS calibration samples (glassy car-
bon and diluted latex spheres).
This has been proved by ﬁrst successful user experiments.
Amongst others, helical magnetic structures caused by Dzyak-
loshinskii‐Moryia interactions [27,28,4], Skyrmion lattices [5], su-
perconducting vortex lattices [7,29] and nanomagnetic materials
[30] have been investigated. In materials science, experiments on
turbine alloys [31,32] and Li-ion battery materials [33] have been
performed. Hosting a 17 T uncompensated magnet [34] on SANS-1
has shown the beneﬁts of a wide and mostly amagnetic sample
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A short summary of the characteristic facts and technical data
of SANS-1 is given in a compact way.
Primary beam
 S-shaped neutron guide (NL-4a) with a cross-section of
×50 50 mm2 and a 58Ni (m¼1.2) and supermirror (m¼2.0)
coating, cutoff λ = Å3c . Mechanical velocity selector with a variable speed: (1)
Δλ λ =/ 10% medium resolution. (2) Δλ λ =/ 6% medium
resolution.
 Wavelength range 4.5–30.
 Double disk TISANE chopper system with μs time resolution (14
windows, °9 opening angle, 20,000 r.p.m.).
Polarization
 Two V-shaped FeSi transmission polarizers, polarization
>P 0.95 for 4.5–12 Å.
 RF Flipper, ﬂipping ratio ≥0.93.
Collimation
S. Mühlbauer et al. / Nuclear Instruments and Methods in Physics Research A 832 (2016) 297–305 305 1 m, 1.5 m, 2 m, 4 m, 8 m, 12 m, 16 m to 20 m in steps via in-
sertion of neutron guide elements.
 Sample size up to 50 mm in diameter.
 Flux of 6.8 107 ns1cm2 at λ = Å5.5 for 2 m source to sample
distance and Δλ λ10% / .
Q-range
 Å < < Å− −Q0.0005 11 1 with primary detector.
 = Å−Q 0.0001min 1 with secondary high resolution detector.
Detector system
 Primary detector is an array of 128 3He position-sensitive tubes
with an active area of 10001020 mm2 and 8 mm resolution.
Lateral detector movement up to 0.55 m, counting rate cap-
ability up 2.5 MHz (10% deadtime at 2 MHz). Variable sample
detector distance 1.1–20 m.
 Secondary high resolution detector (3 mm) and an active area of
×500 500 mm2 to be installed by 2016. The secondary detector
can be used parallel when the primary detector is translated
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